In this study, raw and cooked chickpea flours (CPF) were used in erişte formulation at different levels (10, 20, 30, 40 and 50% w/w) with and without whole egg addition. Some selected properties of erişte, such as, color, weight and volume increase, cooking loss, ash, protein, minerals, phytic acid (PA) contents, and sensory properties were determined. Erişte containing cooked CPF without egg showed the darkest color. While egg addition improved the cooking quality, CPF over 20% addition level decreased weight and volume increase values significantly (p<0.05). Ash, protein, Ca, K and P contents increased with egg addition, and increasing amount of CPF. Usage of cooked CPF decreased the PA content from 376.4 to 320.2 mg/100 g. However, CPF substitution increased the PA content up to 515.3 mg/100 g. Erişte made with 30-40% raw CPF and egg showed the highest overall acceptability score. As a result, raw CPF at a level of 20-30% with egg combination can be used in erişte formulation for nutritional enrichment with minimum adverse affect on color and technologic properties.
Introduction
Erişte, a type of noodle, is produced from soft or hard wheat flour with salt and water. Sometimes egg, milk, whey powder, other cereal and legume flour can be added to erişte formulation for nutritional enrichment. Food legumes are important enrichment material for cereal product with high protein content, nearly 2-3 times more than cereal. Besides this, high lysine content, which is limited in cereal proteins and good quality fiber of legumes, attracts attention in terms of human nutrition and health (Deshpande and Damodaran, 1990) . There are numerous studies on supplementation of legume flour in bread, pasta, and noodle and cookie formulation. In literature, lentil (Zhao et al., 2005) , yellow pea, green pea, navy bean (Jeffers et al., 1979) , fava bean (Chillo et al., 2008) , cowpea (Bergman et al., 1994; Herken et al., 2007) , soy bean (Kim and Park, 1992; Singh et al., 2007) and chickpea (Goni and Valentin-Gamazo, 2003; Sabanis et al., 2006) were used in pasta or noodle production.
Chickpea (Cicer arietinum L.) is a widely consumed food legume in Turkey. Chickpea production in Turkey is approximately 505 000 ton/year in an area of 5580 km 2 (www.tarim.
gen.tr/web/news.asp). CPF is suitable enrichment material for pasta and pasta like products with high protein (16.4-31.2%), ash (2.1-11.4), cellulose (1.6-9.0%), fat (1.5-6.8%), mineral (Ca, Fe, Zn, P, K and Mg), vitamin (B-complex) and lysine content (Deshpande and Damodaran, 1990; Encan et al., 2005) . Zhao et al. (2005) added CPF (Sanford) into spaghetti formulation and observed that replacement of 30% wheat flour with CPF decreased lightness and yellowness, but increased cooking loss and firmness. Supplementing lasagna with 5-20% CPF improved physical characteristics of dough (Sabanis et al., 2006) . Goni and Valentin-Gamazo (2003) used 25% CPF in spaghetti formulation and found that ash, fat and resistant starch contents were lower than control sample, and the glycemic index of control and CPF substituted samples was 73 and 58, respectively. Lee et al., (1998) reported that CPF was successfully incorporated into Cantonese noodles up to a level of 30%, with good dough handling properties. Phytic acid (myo-inositol-1,2,3,4,5,6-hexakis (dihydrogen phosphate), is an antinutrient factor, and exists in legumes, cereals and oil seeds naturally. Phytic acid (PA) is generally regarded as the primary storage form of both phosphate and according to the completely randomized design of (6×2×2)×2 factorial plan. Erişte samples were prepared according to the method suggested by Yalçın (2005) . For preparation of control erişte without CPF and egg, 200 g wheat flour, 1 g salt and 80 mL water were mixed in Hobart mixer (Hobart N50, Canada) for 8 min. Then erişte dough was divided into three pieces, covered with cloth and rested for 15 min at room temperature. At the end of the resting period, the dough pieces were sheeted with a rolling pin. Then, dough was sheeted at a thickness of about 2 mm and cut with a noodle machine (Shule Pasta Machine, China). Drying was made in a drying cabinet (Nüve FN-500, Ankara, Turkey) at 50℃ for 18 h. For preparation of egg noodle, 20% (w/w) whole egg was added into erişte formulation. In CPF enriched erişte formulations, wheat flour was replaced with 10, 20, 30, 40 and 50% (w/w) raw and cooked CPF. Each of the 10% CPF increments in formulation decreased the water requirement of the dough about 6.25%.
Color Colors of raw material and erişte samples were evaluated by measuring the L*, a* and b* parameters using Minolta CR-400 (Konica Minolta Sensing, Inc., Osaka, Japan) colorimeter. Color was expressed as L* (whiteness / darkness), a* (redness / greenness), and b* (yellowness / blueness). Values are the mean of three determinations.
Cooking quality Cooking quality parameters such as, cooking loss (CL), weight increase (WI) and volume increase (VI) were determined according to Oh et al. (1985) and Özkaya et al. (2001) . WI during cooking was calculated by weighting of erişte before cooking and after draining from cooking. A special wire filter with 1 mm pore diameter was used as drainer and samples drained for 20 s to remove excess water. VI was determined by volume difference of water overflow when the cooked and dry erişte was put into the water full graduated cylinders. CL, weight of total solids expressed as percent, was measured by evaporating the erişte cooking water to dryness in a 100℃ oven, as described by AACC method (AACC, 1990) .
Chemical analysis Total ash and moisture contents of raw material and erişte samples were determined by using the standard methods (AACC, 1990) . Protein contents were analyzed by using Kjeldahl method (AACC, 1990) with a conversion factor of 6.25 and 5.70 for CPF and wheat flour, respectively. Mineral content was determined by inductively coupled plasma atomic emission spectrometer, ICP-AES (Vista series, Varian International AG, Switzerland). Approximately 0.5 g of the dried sample was put into a burning cup, and 5 mL of HNO 3 + 5 mL H 2 SO 4 was added. The samples were incinerated in a microwave oven (MARS 5, CEM Corporation, USA). The solution was diluted to 100 mL with water. Concentrations were determined with an ICP-AES inositol in seeds. In cereals, 50-80% of total phosphorus, in legumes 80% of total phosphorus exists as phytate phosphorus (Lolas et al., 1976) . At normal physiological pH six phosphate group of PA are negatively charged, making PA highly reactive with other positively charged particles. (Rickard and Thompson, 1997) . PA binds essential minerals in legumes and is responsible poor mineral bioavailability. This antinutritional effect depends on both the concentration of PA and minerals as well as the strenght of the binding. Zinc makes most stable and insoluble complex with PA. PA also interact with protein, resulting in reduced protein solubility and availability. Because of the nonspecific nature of the phytate-protein interactions, PA inhibits pepsin, alpha-amylase and trypsin (Deshpande and Damodaran, 1990; Rickard and Thompson, 1997) .
PA generally considered to be fairly heat stable. Among the processing methods, soaking, germination, fermentation, cooking appear quite effective in decreasing PA content. Soaking and cooking can remove 50-80% of the PA in legume seeds (Deshpande and Damodaran, 1990) . Many studies have been made on PA destruction of cereals and legumes by different cooking methods (Duhan et al., 2002; Manez et al., 2002; Özkaya et al., 2004; Rehman and Shah, 2005; Elmaki et al., 2007) . While cooking process reduces PA contents of the legume, it causes considerable losses in minerals and vitamins (Barampama and Simard, 1995) .
The purpose of this study was to determine the effect of raw and processed CPF and egg addition on selected properties of erişte samples.
Materials and Methods
Materials Chickpea seeds were purchased from Tarlam Bakliyat, Konya, Turkey. The wheat flour used for erişte preparation was commercial flour which obtained from Hekimoğlu Flour Mill, Konya, Turkey. Fresh whole egg was obtained daily from Selcuk University, Agriculture Faculty Farm.
CPFs production For raw CPF production, chickpea seeds were washed and tempered to 20% moisture level with distilled water for 12 h at room temperature. After tempering, the seeds were ground in a mill (Falling Number-3100 Laboratuvary Mill, Perten Instruments AB, Huddinge, Sweden) to pass through a 150 µm screen. For cooked CPF production, chickpeas were soaked in distilled water for 12 h at room temperature, cooked in excess water for 30 min at 90 ± 2℃, dried at 60℃ for 12 h in an oven (Nüve FN-500, Ankara, Turkey) and milled to flour with a mill as raw CPF.
Erişte preparation In erişte preparation, CPFs (raw and cooked) at six different levels (0, 10, 20, 30, 40 and 50%) with and without egg addition were used with 2 replications Cooking process decreased the ash and protein contents of the CPF due to leaching of soluble material into cooking water (Alajaji and El-Adawy, 2006) . PA content of cooked CPF decreased 23.5% compared to raw CPF. Both soaking (chickpeas soaked for 24 h before cooking) and cooking process was effective on PA loss (Duhan et al., 2002; Manez et al., 2002; Rehman and Shah, 2005; Elmaki et al., 2007) . PA losses during cooking could probably be explained on the basis that phytase activity at a temperature of 40-55℃ may degrade PA (deBoland et al., 1975) . PA losses during soaking could have been due to losses in the cooking water (Bishnoi et al., 1994) . All the investigated minerals in cooked CPF sample were found lower than those of the raw CPF sample, and also Ca and K contents decreased more than that of the other minerals. According to Barampama and Simard (1995) , soaking and cooking processes cause considerable losses in minerals. Bilgiçli (2008) reported that after soaking, cooking and drying process of chickpea seeds, Ca, Fe and K losses were 27.02, 21.7 and 27.8%, respectively. Elmaki et al. (2007) also reported that Ca content of common bean was reduced 57.63% through soaking and cooking processes. Cooking process increased darkness and yellowness of the cooked CPF compared to raw CPF (Table 1) . Color results agree well with those reported by Bilgiçli (2008) for raw and cooked chickpea.
Erişte color Yellow color and bright appearance of erişte is preferred by consumers (Özkaya et al., 2004) . Duncan multiple range test results according to three ways ANO- (Bubert and Hagenah, 1987) . PA was measured by a colorimetric method according to Haug and Lantzsch (1983) .
Sensory evaluation For sample preparation, A 100 g erişte sample (wet basis) were simmered at 95℃ in 500 mL water for 18 min and drained for 20 s to remove excess water. The sensory analyses were undertaken by twelve panelist ages 30 to 55, who are familiar with the characteristics of erişte and studied in Food Engineering Department of Selçuk University, Konya, Turkey. Samples were subjected to sensory evaluation. They were asked to score the resulting cooked erişte on the basis of flavor, appearance, firmness, stickiness and overall acceptability using a 5-point scale.
Statistical analysis Data were subjected to statistical analysis by 3-way analysis of variance (ANOVA) for Erişte color, cooking quality, and chemical properties, and by oneway ANOVA for sensory evaluation. Means that were statistically different from each other were compared using Duncan's multiple comparison tests at 5% confidence interval. TARIST (version 4.0, İzmir, Turkey) software was used to perform the statistical analyses.
Results and Discussion
Analytical Results Chemical properties of wheat flour, raw and cooked CPFs are given in Table 1 . While ash contents of wheat flour, raw and cooked CPF were found as 0.50, 2.54 and 2.37 % respectively, protein contents of the same samples changed between 11.17 and 21.88 %. CPFs had higher ash and protein contents compared to wheat flour. significantly. Egg addition improved lightness, and decreased yellowness. Özkaya et al. (2001) reported that egg addition contributed to the color values of erişte made with wheat flour, and increased the lightness slightly. As the CPF addition level increased, darkness and yellowness of the erişte increased. Interaction between "CPF type and egg addition and CPF ratio" is presented in Figure 1 . While the darkest samples were obtained with "cooked CPF without egg", the combination containing "raw CPF with egg" gave the higher VA, are summarized in Table 2 . All of the variance sources (CPF types, egg addition and CPF ratio) used in experimental design were found significant (p<0.05) on color values (L*, a* and b*) except egg addition, which was not effective on "a*" value ( Table 2) . Usage of cooked CPF in erişte formulation resulted in darker and more yellowish color. These results confirmed those reported by Lee et al. (1998) , who found that fortification of Cantonese noodle with garbanzo bean decreased lightness slightly, and increased yellowness creased with egg addition (Özkaya et al. 2001) . In the present study, 10% CPF addition increased the VI values of erişte; however, CPF at 30% and over addition levels decreased the VI compared to control (Table 3) . CL is an important quality parameter for pasta and pasta like products. CL is related to the breakdown of noodle during cooking and regarded as an indicator of cooking performance (Özkaya et al., 2001 ). As the CPF addition level increased in erişte formulation, CL of the samples increased significantly (p<0.05). Decreasing amount of gluten with CPF addition resulted in higher dry matter losses into cooking water compared to control erişte containing 100% wheat flour. Here possibly, CPF flour showed diluting effect on wheat gluten and additionally there was no any interaction between chickpea and wheat proteins. But the due to adhering property of egg proteins, egg addition decreased CL significantly (p<0.05) and improved cooking quality. The mean CL values of erişte sample containing CPF changed between 5.45 and 8.57% according to CPF addition variance source. Compared with the results reported by other researchers, the cooking loss of spaghetti containing CPF (5-30%) was lower than that (5.30-6.55%) reported by Zhao et al. (2004) . Contrary to our study, Lee et al. (1998) reported that CPF (10-30%) containing noodles reduced cooking loss. The low CL values of our findings, due to use of egg and vital gluten in erişte formulations.
Effects of Chickpea
Chemical composition of erişte samples Duncan's multiple range test results of chemical properties of erişte according to CPF type, egg addition and CPF ratio variance sources are summarized in Table 4 . All of the variance sources were found significant on ash content of the erişte. While cooking process of chickpea decreased ash content, egg adlightness in all CPF substitution levels. "Cooked CPF with egg" combination resulted in sharp decrease in lightness above 20% CPF addition level.
Cooking quality As shown in Table 3 , egg addition and CPF ratio variance sources were found significant (p<0.05) on weight increase (WI), volume increase (VI) and cooking loss (CL) values of erişte samples. Because of the adhering and combining effect of egg, its addition increased WI and VI values of the samples, and decreased the CL. These results confirmed those reported by Özkaya et al. (2001) for erişte produced from wheat flour. According to three way ANOVA results, substitution of cooked CPF in erişte formulation decreased average WI values from 196.08% for raw CPF and 193.67% for cooked CPF additions. Raw CPF was more effective than the cooked one at statistically significat level (Table 3) . WI of erişte containing 30% CPF and over was less than the ones made from 100% wheat flour. Wheat gluten and starch have considerable amount of water uptake properties. Diluting amount of wheat gluten and starch with replacement of CPF resulted in decrement in WI. Jeffers et al. (1979) found that WI of udon noodle was increased by 10% yellow bean flour addition, but decreased by 20% addition level compared to the control. Similar to this research, in our study 10 % CPF addition in erişte formulation increased WI value, and over 20 % CPF addition level WI values decreased significantly (p<0.05).
The mean VI values of the cooked erişte from 201.79 to 209.00% by egg addition. Özkaya et al. (2001) reported that the VI values of erişte prepared with soft wheat flour were 175-215%. Egg addition improved the VI of the samples. In literature, it was reported that the VI values of erişte were affected positively by egg addition, and WI and VI values in- are also given in Table 4 . Cooked CPF decreased the Ca, Mg, K and P contents of the erişte compared to erişte containing raw CPF. As mentioned before, mineral loss in erişte containing cooked CPF could be explained with leaching of chickpea minerals soaking or cooking water during cooked CPF preparation. While egg addition into formulation increased Ca, P, Fe and Zn value, all minerals measured were significantly increased by addition of 30% or more of CPF. As seen in Table 1 raw and cooked CPF had richer mineral content than wheat flour. Wheat flour replacement with CPF at 30 levels increased the mean Ca, Mg and K contents (mg/100 g) from 32. 25, 24.45 and 306.58 to 59.25, 37.64 and 501.23, respectively . The increment in these elements varied between 1.5 and 1.8 times.
Sensory evaluation As a result of color measurement, dition and increasing amount of CPF ratios raised ash and protein content of erişte. As stated above, cooking decreased ash content due to leaching of soluble material into cooking water. Increment in ash and protein with CPF and egg was an expected result due to rich ash and protein content of the CPF and egg (Deshpande and Damodaran, 1990; Özkaya et al., 2001) . As seen in Table 4 , PA content of the erişte was affected by CPF type and CPF addition ratio (p<0.05). Since CPF contained high amount of PA ( chemical and cooking quality evaluation found that raw CPF and egg addition improved color values, nutritional and technological properties of erişte, except PA content, which increased with raw CPF usage. Sensory evaluation was conducted on samples with raw CPF and egg. Taste score of erişte increased descriptively up to 40% CPF level. Statistically, all of the CPF containing samples had the same or higher taste scores compared to control erişte (Figure 2) . Sabanis et al. (2006) reported that taste score of lasagna decreased over 10% CPF addition due to intense taste of chickpea. In the present study, usage of egg could mask intense taste of chickpea. Appearance and firmness scores were affected negatively with 50% CPF substitution level. While the samples containing 30-40% CPF gave the best firmness score, samples made with 40-50% CPF showed lower stickiness score compared to control group. As a result, 30% CPF level gave the highest sensory scores in terms of taste, appearance, firmness and over all acceptability.
Conclusions
The replacement of wheat flour with raw or cooked CPF in erişte formulation affected color values negatively. Increasing amount of CPFs resulted in darker color. Egg addition improved the color values and cooking quality parameters. CPF over 20-30% addition levels decreased the WI and VI of the samples. As expected, egg addition increased most of the nutritional component. Nutritional value of erişte was improved since the progressive enrichment of erişte with CPF resulted in progressively higher ash, protein and mineral content. Usage of cooked CPF decreased PA content significantly, but increasing amount of CPF raised this antinutrient. Erişte making stages were not effective on PA destruction. As a result, 20-30% raw CPF with egg addition improved nutritional quality wit minimum adverse affect. Higher CPF addition levels decreased cooking quality and color values, and increased PA content.
